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Description
BACKGROUND OF THE INVENTION

Technical Field of the Invention

[0001] This invention relates to optical lithography and
more particularly to direct write optical lithography.

Description of the Related Art

[0002] Polymer arrays, such as the GeneChip® probe
array (Affymetrix, Inc., Santa Clara, CA), can be synthe-
sized using light-directed methods described, for exam-
ple,inU.S. PatentNos. 5,143,854;5,424,186;5,510,270;
5,800,992; 5,445,934; 5,744,305; 5,384,261 and
5,677,195 and PCT published application no. WO
95/11995. As an example, light-directed synthesis of ol-
igonucleotides employs 5’-protected nucleosidephos-
phoramidite "building blocks." The 5’-protecting groups
may be either photolabile or acid-labile. A plurality of pol-
ymer sequences in predefined regions are synthesized
by repeated cycles of deprotection (selective removal of
the protective group) and coupling. Coupling (i.e., nucle-
otide or monomer addition) occurs only at sites that have
been deprotected. Three methods of light-directed syn-
thesis are: use of photolabile protecting groups and direct
photodeprotection (DPD); use of acid-labile 4,4’-dimeth-
oxytrityl (DMT) protecting groups and a photoresist; use
of DMT protecting groups and a polymer film that contains
a photoacid generator (PAG).

[0003] These methods have many process steps sim-
ilar to those used in semiconductor integrated circuit
manufacturing. These methods also ofteninvolve the use
of photomasks (masks) that have a predefined image
pattern which permits the light used for synthesis of the
polymer arrays to reach certain regions of a substrate
but not others. The substrate can be non-porous, rigid,
semi-rigid,etc. It can be formed into a well, a trench, a
flat surface, etc. The substrate can include solids, such
as siliceous substances such as silicon, glass, fused sil-
ica, quartz, and other solids such as plastics and poly-
mers, such as polyacrylamide, polystyrene, polycar-
bonate, etc. Typically, the solid substrate is called a wafer
from which individual chips are made. As such, the pat-
tern formed on the mask is projected onto the wafer to
define which portions of the wafer are to be deprotected
and which regions remain protected. See, for example,
U.S. Patent Nos. 5,593,839 and 5,571,639.

[0004] The lithographic or photochemical steps in the
synthesis of nucleic acid arrays may be performed by
contact printing or proximity printing using photomasks.
For example, an emulsion or chrome-on-glass mask is
placed in contact with the wafer, or nearly in contact with
the wafer, and the wafer is illuminated through the mask
by light having an appropriate wavelength. However,
masks can be costly to make and use and are capable
of being damaged or lost.
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[0005] In many cases a different mask having a par-
ticular predetermined image pattern is used for each sep-
arate photomasking step, and synthesis of a wafer con-
taining many chips requires a plurality of photomasking
steps with different image patterns. For example, syn-
thesis of an array of 20mers typically requires approxi-
mately seventy photolithographic steps and related
unique photomasks. So, using present photolithographic
systems and methods, a plurality of different image pat-
tern masks must be pre-generated and changed in the
photolithographic system at each photomasking step.
This plurality of different pattern masks adds lead time
to the process and complexity and inefficiency to the pho-
tolithographic system and method. Further, contact print-
ing using a mask can cause defects on the wafer so that
some of the reaction sites are rendered defective. Thus,
a photolithographic system and method that does not
require such masks and obviates such difficulties would
be generally useful in providing a more efficient and sim-
plified lithographic process.

[0006] U.S. Patent No. 5424 186 discloses a method
of synthesizing nucleotides on a substrate by deprotect-
ing reaction sites on a substrate, wherein light from a
light source is directed to the substrate through a mask.
Alternatively, a method is disclosed using liquid crystals
(i.e. "light valves") to selectively deprotect reaction sites
on the substrat.

[0007] The article SPIE, Vol. 3048, pp. 346-355 (1997)
(XP866011) by Mark Davidson, discloses use of arrays
of microlenses for direct-write photolithography on wa-
fers. However, this article does not disclose to provide a
predetermined two dimensional light pattern four depro-
tecting protected reaction sites on a substrate.

[0008] The article Microelectronic Engineering, Vol.
30, pp. 123-127 (1996) (XP4003046) by R. Seltmann et
al. discloses a method for direct-write photolithography
on wafers, utilizing phase modulating spatial light mod-
ulator for imaging laser light onto the wafer. The spatial
light modulator employs a a CMOS active matrix and a
reflective, viscolelastic layer on top. However, this article
does not disclose to provide a predetermined two dimen-
sional light pattern for deprotecting protected reaction
sites on substrate.

[0009] The article Microelectronic Engineering, Vol.
27, pp. 489-493 (1995) (XP4025127) by D. Monk et al.
discloses a digital micro-mirror device utilizing an array
of micro-mirrors, each micro-mirror being mounted on a
hinge over an integrated circuit stricture operable to vary
the orientation of the micro-mirror. However, this article
does not disclose to provide a predetermined two dimen-
sional light pattern for deprotecting protected reaction
sites on a substrate.

SUMMARY OF THE INVENTION.
[0010] The invention provides methods for deprotect-

ing protected reaction sites on a substrate as defined in
claims 1-7, and optical lithography systems for depro-
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tecting reaction sites on a substrate as defined in claims
8-11.

[0011] In view of the above, one advantage of the in-
vention is providing an improved and simplified system
and method for optical lithography for deprotecting pro-
tected reaction sites on a substrate.

[0012] Another advantage of the present invention is
providing an optical lithography system and method that
dynamically generates an image using a computer and
reconfigurable spatial light modulator, employing an ar-
ray of deformable membrane mirrors.

[0013] A further advantage of the present invention is
providing an optical lithography system and method that
does not use photomasks.

[0014] Astill further advantage of the presentinvention
is providing an optical lithography system and method
that uses computer generated electronic control signals
and a spatial light modulator, without any photomask, to
project a predetermined light pattern onto a surface of a
substrate for the purposes of deprotecting various areas
of a polymer array.

[0015] In connection with the invention, polymer array
synthesis is performed using a system without photo-
masks.

[0016] In connection with the invention, polymer array
synthesis is performed using a system with a transmis-
sive spatial light modulator and without a lens and pho-
tomask

[0017] In connection with the invention, a Direct Write
System transmits image patterns to be formed on the
surface of a substrate (e.g., a wafer). The image patterns
are stored in a computer. The Direct Write System
projects light patterns generated from the image patterns
onto a surface of the substrate for light-directed polymer
synthesis (e.g., oligonucleotide). The light patterns are
generated by a spatial light modulator controlled by a
computer, rather than being defined by a pattern on a
photomask. Thus, in the Direct Write System each pixel
is illuminated with an optical beam of suitable intensity
and the imaging (printing) of an individual feature on a
substrate is determined dynamically by computer control.
[0018] In connection with the invention, polymer array
synthesis is accomplished using a class of devices
known as spatial light modulators employing an array of
deformable membrane mirrors to define the image pat-
tern of the polymer array to be deprotected.

[0019] An even further aspect of the present invention
provides methods for synthesizing polymer arrays using
spatial light modulators and the polymer arrays synthe-
sized using the methods taught herein.

[0020] As can be appreciated by one skilled in the art,
the invention is relevant to optical lithography in general,
and more specifically to optical lithography for polymer
array synthesis using photolithograpic processes. How-
ever, it is inherent that the invention is generally applica-
ble to eliminating the need for a photomask in optical
lithography.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The above objects, features, and advantages
of the present invention will become more apparent from
the following detailed description taken with the accom-
panying drawings in which:

Figure 1 shows a first embodiment of the invention
having a light source, a reflective spatial light mod-
ulator, such as a micro-mirror array, and a lens.
Figure 2 is a diagrammatic representation of a sec-
ond embodiment of the invention employing an array
of, for example, micro-lenses.

Figure 3 illustrates a micro-lens array in the form of
Fresnel Zone Plates, which may be used in the in-
vention.

Figure 4 shows a third embodiment of the invention
having a transmissive spatial light modulator.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0022] The presently preferred invention is based on
the principle that a Direct Write Optical Lithography Sys-
tem will significantly improve the cost, quality, and effi-
ciency of polymer array synthesis by providing a mask-
less optical lithography system and method where pre-
determined image patterns can be dynamically changed
during photolithographic processing. As such, an optical
lithography system is provided to include a means for
dynamically changing an intended image pattern without
using a photomask. One such means includes a spatial
light modulator that is electronically controlled by a com-
puter to generate unique predetermined image patterns
at each photolithograpic step in polymer array synthesis.
The spatial light modulators can be, for example, mi-
cromachined mechanical modulators or microelectronic
devices (e.g. liquid crystal display (LCD)). The Direct
Write System of the present invention using such spatial
light modulators is particularly useful in the synthesis of
polymer arrays, such as polypeptide, carbohydrate, and
nucleic acid arrays. Nucleic acid arrays typically include
polynucleotides or oligonucleotides attached to glass, for
example, Deoxyribonucleic Acid (DNA) arrays.

[0023] Certain preferred embodiments of the invention
involve use of the micromachined mechanical modula-
tors to direct the light to predetermined regions (i.e.,
known areas on a substrate predefined prior to photoli-
thography processing) of the substrate on which the pol-
ymers are being synthesized. The predetermined re-
gions of the substrate associated with, for example, one
segment (referred to herein as a pixel) of a microma-
chined mechanical modulator (e.g., a micro-mirror array)
are referred to herein as features. In each predetermined
region or feature a particular oligonucleotide sequence,
for example, is synthesized. The mechanical modulators
come in a variety of types, two of which will be discussed
in some detail below.

[0024] One type of mechanical modulator is a micro-
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mirror array which uses small metal mirrors to selectively
reflect a light beam to particular individual features; thus
causing the individual features to selectively receive light
from a light source (i.e, turning light on and off of the
individual features). An example is the programmable
micro-mirror array Digital Micromirror Device (DMD™)
manufactured by Texas Instruments, Inc., Dallas, Texas,
USA. Texas Instruments markets the arrays primarily for
projection display applications (e.g., big-screen video) in
which a highly magnified image of the array is projected
onto awall or screen. The present invention shows, how-
ever, that with appropriate optics and an appropriate light
source, a programmable micro-mirror array can be used
for photolithographic synthesis, and in particular for pol-
ymer array synthesis.

[0025] The Texas Instruments’ DMD™ array consists
of 640 x 480 mirrors (the VGA version) or 800 x 600
mirrors (the super VGA (SVGA) version). Devices with
more mirrors are under development. Each mirror is 16
pm x 16 wm and there are pwm gaps between mirrors.
The array is designed to be illuminated 20 degrees off
axis. Each mirror can be turned on (tilted 10 degrees in
one direction) or off (tilted 10 degrees in the other direc-
tion). A lens (on axis) images the array onto a target.
When a micro-mirror is turned on, light reflected by the
micro-mirror passes through the lens and the image of
the micro-mirror appears bright. When a micro-mirror is
turned off, light reflected by the micro-mirror misses the
lens and the image of the micro-mirror appears dark. The
array can be reconfigured by software (i.e., every micro-
mirror in the array can be turned on or off as desired) in
a fraction of a second.

[0026] Anoptical lithography system including a micro-
mirror array 1 based spatial light modulator according to
one embodiment of the invention is shown in FIG. 1. This
embodiment includes a spatial light modulator made of
a micro-mirror array 1, and arc lamp 3, and a lens 2 to
project a predetermined image pattern on a chip or wafer
(containing many chips) 4. In operation, collimated, fil-
tered and homogenized light 5 from the arc lamp 3 is
selectively reflected as a light beam 6 according to dy-
namically turned on micro mirrors in the micro-mirror ar-
ray 1 and transmitted through lens 2 on to chip or wafer
4 as reflected light beam 8. Reflected light from micro-
mirrors that are turned off 7 is reflected in a direction
away from the lens 2 so that these areas appear dark to
the lens 2 and chip or wafer 4. Thus, the spatial light
modulator, micro-mirror array 1, modulates the direction
of reflected light (6 and 7) so as to define a predetermined
light image 8 projected onto the chip or wafer 4. The
direction of the reflected light alters the light intensity
transmitted from each pixel to each feature. In essence,
the spatial light modulator operates as a directional and
intensity modulator.

[0027] The micro-mirror array 1 can be provided by,
for example, the micro-mirror array of the Texas Instru-
ments(TI) DMD, in particular, the TI "SVGA DLP™" sub-
system. The Texas Instruments "SVGA DLP™" subsys-
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tem with optics may be modified for use in the present
invention. The Texas Instruments "SVGA DLP™" sub-
system includes a micro-mirror array (shown as micro-
mirror array 1in Fig. 1), alight source, a color filter wheel,
a projection lens, and electronics for driving the array and
interfacing to a computer. The color filter wheel is re-
placed with a bandpassfilter having, forexample, a band-
pass wavelength of 365-410 nm (wavelength dependent
upon the type of photochemicals selected for used in the
process). For additional brightness at wavelengths of, for
example, 400-410 nm, the light source can be replaced
with arc lamp 3 and appropriate homogenizing and col-
limating optics. The lens included with the device is in-
tended for use at very large conjugate ratios and is re-
placed with lens 2 or set of lenses appropriate forimaging
the micro-mirror array 1 onto chip or wafer 4 with the
desired magnification. Selection of the appropriate lens
and bandpass filter is dependent on, among other things,
the requisite image size to be formed on the chip, the
type of spatial light modulator, the type of light source,
and the type of photoresist and photochemicals being
used in the system and process.

[0028] Asymmetriclens system (e.g., lenses arranged
by type A-B-C-C-B-A) used at 1:1 magnification (object
size is the same as the image size) is desirable because
certain aberrations (distortion, lateral color, coma) are
minimized by symmetry. Further, a symmetric lens sys-
tem results in a relatively simple lens design because
there are only half as many variables as in an asymmetric
system having the same number of surfaces. However,
at 1:1 magnification the likely maximum possible chip
size is 10.88 mm x 8.16 mm with a VGA device, or 10.2
mm x 13.6 mm with an SVGA device. Synthesis of, for
example, a standard GeneChip® 12.8 mm x 12.8 mm
chip uses an asymmetric optical system (e.g., a magni-
fication of about 1.25:1 with SVGA device) or a larger
micro-mirror array (e.g., 1028 x 768 mirrors) if the mirror
size is constant. In essence, the lens magnification can
be greater than or less than 1 depending on the desired
size of the chip.

[0029] In certain applications of the invention, a rela-
tively simple lens system, such as a back-to-back pair of
achromats or camera lens, is adequate. A particularly
useful lens for some applications of the invention is the
Rodenstock (Rockford, IL) Apo-Rodagon D. This lens is
optimized for 1:1 imaging and gives good performance
at magnifications up to about 1.3:1. Similar lenses may
be available from other manufacturers. With such lenses,
either the Airy disk diameter or the blur circle diameter
will be rather large (maybe 10 um or larger). See Modern
Optical Engineering, 2d Edition, Smith, W.J., ed., Mc-
Graw-Hill, Inc., New York (1990). For higher-quality syn-
thesis, the feature size is several times larger than the
Airy disk or blur circle. Therefore, a custom-made lens
with resolution of about 1-2 um over a 12.8 mm x 12.8
mm field is particularly desirable.

[0030] A preferred embodiment of synthesizing poly-
mer arrays with a programmable micro-mirror array using
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the DMT process with photoresist takes place as follows.
First, a computer file is generated and specifies, for each
photolithography step, which mirrors in the micro-mirror
array 1 need to be on and which need to be offto generate
a particular predetermined image pattern. Next, the indi-
vidual chip or the wafer from which it is made 4 is coated
with photoresist on the synthesis surface and is mounted
in a holder or flow cell (not shown) on the photolithogra-
phy apparatus so that the synthesis surfaceisinthe plane
where the image of the micro-mirror array 1 will be
formed. The photoresist may be either positive or nega-
tive thus allowing deprotection at locations exposed to
the light or deprotection at locations not exposed to the
light, respectively (example photoresists include: nega-
tive tone SU-8 epoxy resin (Shell Chemical) and those
shown in the above cited patents and U.S. patent appl.
no. 08/634,053 , now U.S. Patent No. 5 959 098, issued
September 28, 1999). A mechanism for aligning and fo-
cusing the chip or wafer is provided, such as a x-y trans-
lation stage. Then, the micro-mirror array 1 is pro-
grammed for the appropriate configuration according to
the desired predetermined image pattern, a shutter in the
arc lamp 3 is opened, the chip or wafer 4 is illuminated
for the desired amount of time, and the shutter is closed.
If a wafer (rather than a chip) is being synthesized; a
stepping-motor-driven translation stage moves the wafer
by a distance equal to the desired center-to-center dis-
tance between chips and the shutter of the arc lamp 3 is
opened and closed again, these two steps being repeat-
ed until each chip of the wafer has been exposed.
[0031] Next, the photoresist is developed and etched.
Exposure of the wafer 4 to acid then cleaves the DMT
protecting groups from regions of the wafer where the
photoresist has been removed. The remaining photore-
sist is then stripped. Then DMT-protected nucleotides
containing the desired base (adenine (A), cytosine (C),
guanine (G), or thymine (T)) are coupled to the depro-
tected oligonucleotides.

[0032] Subsequently, the chip or wafer 4 is re-coated
with photoresist. The steps from mounting the photoresist
coated chip or wafer 4 in a holder through re-coating the
chip or wafer 4 with photoresist are repeated until the
polymer array synthesis is complete.

[0033] It is worth noting that if a DPD method, using
for example 1-(6-nitro-1,3-benzodioxol-5-yl)ethyloxycar-
bonyl (MeNPOC) chemistry, or a PAG method, using a
polymer film containing a photoacid generator (PAG), are
used for polymer array synthesis then photoresist would
not be used and the process is somewhat simplified.
However, the use of a direct write optical lithography sys-
tem with a spatial light modulator is also applicable to
performing a process of deprotection of reaction sites
using the DPD and PAG methods without photoresist.
[0034] As is clear from the above described method
for polymer array synthesis, no photomasks are needed.
This simplifies the process by eliminating processing time
associated with changing masks in the optical lithography
system and reduces the manufacturing cost for polymer
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array synthesis by eliminating the cost of the masks as
well as processing defects associated with using masks.
Therefore, the optical lithography system is simplified
and more efficient than conventional photomask based
optical lithography systems. This is particularly valuable
in complex multiple step photolithography processing; for
example polymer array synthesis of GeneChip® probe
arrays having upwards of seventy or more cycles, espe-
cially when many different products are made and re-
vised.

[0035] As indicated above, substrates coated with
photoresist are employed in preferred embodiments of
the invention, e.g., using the DMT process with photore-
sist. The use of photoresist with photolithographic meth-
ods for fabricating polymer arrays is discussed in McGall
et al., Chemtech, pp. 22-32 (February 1997); McGall et
al.,, Proc. Natl. Acad. Sci, U.S.A., Vol. 93, pp.
13555-13560 (Nov. 1996) and various patents cited
above. Alternatively, polymer array synthesis processing
can be performed using photoacid generators without
using a conventional photoresist, e.g., using the PAG
process, or using direct photodeprotection without using
any photoresist, e.g., using the DPD process. The use
of photoacid generators is taught in U.S. Application No.
08/969,227, filed November 13, 1997, now U.S. Patent
No. 6 083 697, issued July 4, 2000. However, the present
invention is particularly useful when using the DMT and
PAG processes for polymer array synthesis.

[0036] Whensynthesizing nucleic acid arrays, the pho-
tochemical processes used to fabricate the arrays is pref-
erably activated with light having a wavelength greater
than 365 nm to avoid photochemical degradation of the
polynucleotides used to create the polymer arrays. Other
wavelengths may be desirable for other probes. Many
photoacid generators (PAGs) based on o-nitrobenzyl
chemistry are useful at 365 nm. Further, when using the
mirror array from Texas Instruments discussed above,
the PAG is preferably sensitive above 400 nm to avoid
damage to the mirror array. To achieve this, p-nitrobenzyl
esters can be used in conjunction with a photosensitizer.
For example, p-nitrobenzyltosylate and 2-ethyl-9,10-
dimethoxy-anthracene can be used to photochemically
generate toluenesulfonic acid at 405 nm. See S.C. Bus-
man and J.E. Trend, J. Imag. Technol., 1985, 11, 191;
A. Nishida, T. Hamada, and O. Yonemitsu, J. Org.
Chem., 1988, 53, 3386. In this system, the sensitizer ab-
sorbs the light and then transfers the energy to the p-ni-
trobenzyltosylate, causing dissociation and the subse-
quent release of toluensulfonic acid. Alternate sensitiz-
ers, such as pyrene, N,N-dimethylnapthylamine, peryl-
ene, phenothiazine, canthone, thiocanthone, actophe-
none, and benzophenone that absorb light at other wave-
lengths are also useful.

[0037] A variety of photoresists sensitive to 436-nm
light are available for use in polymer array synthesis and
will avoid photochemical degradation of the polynucle-
otides.

[0038] A second preferred mechanical modulator that



9 EP 0961 174 B1 10

may be used in the invention is the Grating Light Valve™
(GLV™) available from Silicon LightMachines, Sunny-
vale, CA, USA. The GLV™ relies on micromachined pix-
els that can be programmed to be either reflective or dif-
fractive (Grating Light Valve™ technology). Information
regarding certain of the mechanical modulators dis-
cussed herein is obtained at http://www.ti.com (Texas
instruments) and http://siliconlight.com. (Silicon Light-
Machines).

[0039] Although preferred spatial light modulators in-
clude the mechanical modulators DMD™ available from
Texas Instruments and the GLV™ available from Silicon
LightMachines, various types of spatial light modulators
exist and may be used in the practice of the present in-
vention. See Electronic Engineers 'Handbook, 314 Ed.,
Fink, D.G. and Christiansen, D. Eds., McGraw-Hill Book
Co., New York (1989). Deformable membrane mirror ar-
rays are available from Optron Systems Inc. (Bedford,
MA). Liquid-crystal spatial light modulators are available
from Hamamatsu (Bridgewater, NJ), Spatialight (Novato,
CA), and other companies. However, one skilled in the
art must be careful to select the proper light source and
processing chemistries to ensure that the liquid-crystal
spatial light modulator is not damaged since these de-
vices may be susceptible to damage by various ultraviolet
(UV) light. Liquid-crystal displays (LCD; e.g., in calcula-
tors and notebook computers) are also spatial light mod-
ulators useful for photolithography particularly to synthe-
size large features. However, reduction optics would be
required to synthesize smaller features using LCDs.
[0040] Some spatial light modulators may be better
suited than the Texas Instruments device for use with
UV light and would therefore be compatible with a wider
range of photoresist chemistries. One skilled in the art
will choose the spatial modulator that is compatible with
the chosen wavelength of illumination and synthesis
chemistries employed. For example, the device from
Texas Instruments DMD™ should not be used with UV
illumination because its micro-mirror array may be dam-
aged by UV light. However, if the passivation layer of the
micro-mirror array is modified or removed, the Texas In-
struments DMD™ could be used in the invention with UV
light.

[0041] One embodiment that is particularly useful
when extremely high resolution is required involves im-
aging the micro-mirror array using a system of the type
shown in Fig. 2. In this system, a lens 12 images the
micro-mirror array 11 (e.g., DMD™ or GLV™) onto an
array 10 having an array of micro-lenses 15 or non-im-
aging light concentrators. Each element of the array 10
focuses light onto the chip or wafer, e.g., Gene Chip array
14. Each micro-lens 15 produces an image of one pixel
of the micro-mirror array 11. Optics 16, including a shap-
ing lens 17 may be included to translate light from a light
source 13 onto the micro-mirror array 11.

[0042] For example, if an SVGA DLP™ device is im-
aged with 1:1 magnification onto a micro-lens array 10,
an appropriate micro-lens array 10 can consist of 800 x
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600 lenses (micro-lenses 15) with 17 wm center-to-center
spacing. Alternatively, the micro-lens array can consist
of 400 x 300 17 wm diameter lenses with 34 pum center-
to-center spacing, and with opaque material (e.g.,
chrome) between micro-lenses 15. One advantage of this
alternative is that cross-talk between pixels is reduced.
The light incident upon each micro-lens 15 can be fo-
cused to a spot size of 1-2 um. Because the spot size is
much less than the spacing between micro-lenses, a 2-
axis translation stage (having, inthese examples, arange
of travel of at least either 17 um x 17 um or 34 pm x 34
wm) is necessary if complete coverage of the chip or
wafer 14 is desired.

[0043] Micro-lenses 15 can be diffractive, refractive,
or hybrid (diffractive and refractive). Refractive micro-
lenses can be conventional or gradient-index. A portion
of a diffractive micro-lens array 10 is shown in Figure 3
and has individual micro-lenses formed as circles com-
monly known as Fresnel Zone Plates 20. Alternatively
an array of non-imaging light concentrators can be em-
ployed. An example of such an approach would include
a short piece of optical fiber which may be tapered to a
small tip.

[0044] Furthermore, some spatial light modulators are
designed to modulate transmitted rather than reflected
light. An example of a transmissive spatial light modulator
is a liquid crystal display (LCD) and is illustrated in an-
other embodiment, shown in Fig. 4. This embodiment
includes a light source 33 providing light 35, transmissive
spatial light modulator 31 and a computer 39 providing
electronic control signals to the transmissive spatial light
modulator 31 through cables 40 so as to transmit a de-
sired lightimage 38 on the chip or wafer 34. The computer
39 may be, for example, a unique programmable con-
troller, a personal computer (PC), or a CAD system used
to design the desired image pattern.

[0045] Usingatransmissive spatial light modulator has
even additional advantages over the conventional optical
lithography system. Reflective spatial light modulators
require a large working distance between the modulator
and the lens so that the lens does not block the incident
light. Designing a high performance lens with a large
working distance is more difficult than designing a lens
of equivalent performance with no constraints on the
working distance. With a transmissive spatial light mod-
ulator the working distance does not have to be long and
lens design is therefore easier. In fact, as show in Fig. 4,
some transmissive spatial light modulators 31 might be
useful for proximity or contact printing with no lens at all,
by locating the modulator very close to the chip or wafer
34.

[0046] In fact, the transmissive spatial light modulator
in the embodiment of Fig. 4 could be replaced by an LED
array or a semiconductor laser arrays emitting light of the
appropriate wavelength, each of which not only may be
operated to dynamically define a desired image but also
act as the light source. Thus, as modified, this embodi-
ment would be simplified so as to not require a separate
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light source.

Claims

A method of deprotecting reaction sites on a sub-
strate comprising:

providing a substrate having protected reaction
sites;

providing a light source;

providing a spatial light modulator comprising
an array of deformable membrane mirrors;
orienting said substrate, said light source, said
spatial light modulator such that when said light
source illuminates, intensity of illumination from
said light source is modulated by said deforma-
ble membrane mirrors of said spatial light mod-
ulator and generates a predetermined light im-
age pattern; and

illuminating said substrate with said predeter-
mined light image pattern at said substrate so
as to deprotect at least one of said protected
reaction sites.

The method of claim 1, further comprising the step
of projecting said predetermined light pattern onto a
surface of said substrate with a lens.

The method of claim 2, further comprising the step
of transmitting said predetermined light pattern from
said lens through a micro-lens array.

The method of claim 2, further comprising the step
of transmitting said predetermined light pattern
through an array of non-imaging light concentrators.

The method of claim 3, further comprising the step
of moving said substrate with a translation stage.

The method of claim 1, further comprising the step
of generating a computer file that specifies, for each
photolithography step, which portions of said spatial
light modulator will operatively illuminate which por-
tions of said protected reaction sites.

The method of claim 6, further comprising the step
of programming said spatial light modulator to a.de-
sired configuration with information contained in said
computer file.

An optical lithography system for deprotecting reac-
tion sites on substrate, consisting essentially of:

a light source;

a substrate mount for mounting a substrate hav-
ing protected reaction sites; and

a spatial light modulator for dynamically defining

10

15

20

25

30

35

40

45

50

55

10.

11.

a light pattern using unpatterned light from said
light source without using a photomask, said
spatial light modulator comprising an array of
deformable membrane mirrors.

The optical lithography system of claim 8, wherein
said spatial light modulator for dynamically defining
a light pattern includes a spatial light modulator mod-
ule modulating the light direction or light intensity to
generate a predetermined light pattern.

The optical lithography systems of claim 8 or 9,
wherein said light source includes an arc lamp.

The optical lithography system of claim 8, wherein
said micro-mirror array includes a plurality of micro-
mirrors, each of said micro-mirrors selectively illumi-
nating a single feature on a substrate using specular
reflection of light directed toward said substrate, and
selectively not illuminating a single feature by spec-
ular reflection of light directed away from said sub-
strate.

Patentanspriiche

1.

Verfahren zum Entfernen der Schutzgruppen an Re-
aktionsstellen auf einem Substrat, bei dem:

ein Substrat mit geschitzten Reaktionsstellen
bereitgestellt wird,

eine Lichtquelle bereitgestellt wird,

ein rdumlicher Lichtmodulator mit einem Feld
von verformbaren Membranspiegeln bereitge-
stellt wird,

das Substrat, die Lichtquelle und der rdumliche
Lichtmodulator so zueinander ausgerichtet wer-
den, dass, wenn die Lichtquelle leuchtet, die In-
tensitédt der Beleuchtung von der Lichtquelle
durch die verformbaren Membranspiegel des
raumlichen Lichtmodulators moduliert wird und
ein vorgegebenes Licht-Bildmuster erzeugt,
und

das Substrat mit dem vorgegebenen Licht-Bild-
muster an dem Substrat beleuchtet wird, um so
eine Schutzgruppenentfernung an wenigstens
einer der geschitzten Reaktionsstellen durch-
zufiihren.

Verfahren nach Anspruch 1, bei dem weiter das vor-
gegebene Lichtmuster mit einer Linse auf eine Ober-
flache des Substrats projiziert wird.

Verfahren nach Anspruch 2, bei dem man weiter das
vorgegebene Lichtmuster aus der Linse ein Mikro-
linsenfeld passieren lasst.

4. Verfahren nach Anspruch 2, bei dem man das vor-
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gegebene Lichtmuster weiter ein Feld von nicht-ab-
bildenden Lichtkonzentratoren passieren lasst.

Verfahren nach Anspruch 3, beidem weiter das Sub-
strat mit einer Verschiebungsstufe bewegt wird.

Verfahren nach Anspruch 1, bei dem weiter eine
Computer-Datei erzeugt wird, die fir jeden Fotolito-
graphieschritt spezifiziert, welche Bereiche des
raumlichen Lichtmodulators im Betrieb welche Be-
reich der geschitzten Reaktionsstellen beleuchten.

Verfahren nach Anspruch 6, bei dem weiter der
raumliche Lichtmodulator mit in der Computer-Datei
enthaltener Information auf eine gewtinschte Konfi-
guration programmiert wird.

Optisches Litographiesystem zur Schutzgruppen-
entfernung von Reaktionsstellen auf einem Substrat,
das im Wesentlichen aufweist:

eine Lichtquelle,

eine Substrathalterung zum Halten eines Sub-
strats mit geschiitzten Reaktionsstellen, und
einen raumlichen Lichtmodulator zum dynami-
schen Definieren eines Lichtmusters unter Ver-
wendung von nicht-gemustertem Licht aus der
Lichtquelle ohne Verwendung einer Fotomaske,
wobei der raumliche Lichtmodulator ein Feld
von verformbaren Membranspiegeln aufweist.

Optisches Litographiesystem nach Anspruch 8, wo-
bei der rdumliche Lichtmodulator zum dynamischen
Definieren eines Lichtmusters ein rdumliches Licht-
modulatormodul aufweist, das die Lichtrichtung oder
Lichtintensitdt moduliert, um ein vorgegebenes
Lichtmuster zu erzeugen.

Optisches Litographiesystem nach Anspruch 8 oder
9, wobei die Lichtquelle eine Bogenlampe umfasst.

Optisches Litographiesystem nach Anspruch 8, wo-
bei das Mikrospiegelfeld eine Mehrzahl von Mikro-
spiegeln umfasst, wobei jeder Mikrospiegel selektiv
ein einzelnes Merkmal auf einem Substrat beleuch-
tet, in dem spiegelnde Reflexion von auf das Sub-
strat gerichtetem Licht angewendet wird, und ein ein-
zelnes Merkmal durch spiegelnde Reflexion von
dem Substrat weg gerichtetem Licht beleuchtet wird.

Revendications

1.

Procédé de suppression de la protection de sites de
réaction sur un substrat comprenant les étapes con-
sistant a :

fournir un substrat ayant des sites de réaction

10

15

20

25

30

35

40

45

50

55

protégés ;

fournir une source lumineuse ;

fournir un modulateur de lumiére spatial com-
prenant un alignement de miroirs a membrane
déformabile ;

orienter ledit substrat, ladite source lumineuse,
ledit modulateur de lumiére spatial, de sorte que
lorsque ladite source lumineuse s’illumine, I'in-
tensité de l'illumination provenant de ladite sour-
ce lumineuse est modulée par lesdits miroirs a
membrane déformable dudit modulateur de lu-
miére spatial et génére un motif d'image lumi-
neux prédéterminé ; et

illuminer ledit substrat au moyen dudit motif
d’'image lumineux prédéterminé au niveau dudit
substrat, de maniere a supprimer la protection
d’au moins 'un desdits sites de réaction proté-
gés.

Procédé selon la revendication 1, comprenant en
outre I'étape consistant a projeter ledit motif lumi-
neux prédéterminé sur une surface dudit substrat au
moyen d’une lentille.

Procédé selon la revendication 2, comprenant en
outre I'étape consistant a transmettre ledit motif lu-
mineux prédéterminé depuis ladite lentille a travers
un alignement de micro-lentilles.

Procédé selon la revendication 2, comprenant en
outre I'étape consistant a transmettre ledit motif lu-
mineux prédéterminé a travers un alignement de
concentrateurs de lumiere non formateurs d’'image.

Procédé selon la revendication 3, comprenant en
outre I'étape consistant a déplacer ledit substrat au
moyen d’un étage de translation.

Procédé selon la revendication 1, comprenant en
outre I'étape consistant a générer un fichier informa-
tique qui spécifie, pour chaque étape de photolitho-
graphie, quelles parties dudit modulateur de lumiére
spatial illumineront activement telles parties desdits
sites de réaction protégés.

Procédé selon la revendication 6, comprenant en
outre I'étape consistant a programmer ledit modula-
teur de lumiere spatial dans une configuration dési-
rée au moyen de l'information contenue dans ledit
fichier informatique.

Systéme de lithographie optique permettant de sup-
primer la protection des sites de réaction sur un subs-
trat, comprenant essentiellement :

une source lumineuse,
un support de substrat pour supporter un subs-
trat ayant des sites de réaction protégés ; et
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un modulateur de lumiére spatial pour définir de
fagon dynamique un motif lumineux en utilisant
la lumiére exempte de motif provenant de ladite
source lumineuse sans utiliser de masque de
photogravure, ledit modulateur de lumiére spa-
tial comprenant un alignement de miroirs a
membrane déformable.

Systéme de lithographie optique selon la revendica-
tion 8, danslequel ledit modulateur de lumiére spatial
permettant de définir de fagon dynamique un motif
lumineux comprend un module de modulateur de
lumiére spatial modulant la direction de la lumiére
ou l'intensité de la lumiere pour générer un motif lu-
mineux prédéterminé.

Systéme de lithographie optique selon les revendi-
cations 8 ou 9, dans lequel ladite source lumineuse
comprend une lampe a arc.

Systéme de lithographie optique selon la revendica-
tion 8, dans lequel ledit alignement de micro-miroirs
comprend une pluralité de micro-miroirs, chacun
desdits micro-miroirs illuminant sélectivement une
seule caractéristique sur un substrat en utilisant la
réflexion spéculaire de la lumiére dirigée vers ledit
substrat, et n’illuminant pas sélectivement une seule
caractéristique par réflexion spéculaire de la lumiére
éloignée dudit substrat.

10

15

20

25

30

35

40

45

50

55

16



EP 0961 174 B1

THESE MIRRORS ARE OFF  THESE MIRRORS ARE ON

FIG. 1

10



[~~14

EP 0961 174 B1

15

’12\[\ 'IO\J

11

FIG. 2



EP 0961 174 B1

__L_-___.___._.-——_..__.__..———-—-._-~-._--_._.______,___________~________|

£ 2

12



EP 0961 174 B1

34
\ :

38/ a0

wa

33

FIG. 4

13



	bibliography
	description
	claims
	drawings

